SINCE the discovery by Leishman, in 1900, of the infecting organism of Indian kala-azar, the cutaneous and visceral infections caused by these parasites have attracted considerable interest.
Notwithstanding the widespread research into the possible methods of transmission of the visceral form of the disease, we are still without information regarding the means of its transference from man to man. There are, however, other aspects of this infection on which more exact information is available. The pathological changes encountered in fatal cases of visceral leishmaniasis are now well recognized, and the situation and distribution of the parasites in the tissues have been more or less defined. In any consideration of the pathology of the disease, it is evident that the most predominant feature is the early increase in size of the liver, and more particularly of the spleen. The great enlargement of the latter organ, resulting from an increase in the splenic pulp, is caused by the enormous proliferation of lymphatic and vascular endothelium. The distribution of the Leishmania bodies is typically as intracellular parasites of these hypertrophied endothelial cells, and, although occurring in largest numbers in the spleen, liver and bone marrow, these protozoal organisms have been demonstrated in almost every other tissue of the body. They are fairly abundant in the bone marrow, and have also been observed in smaller numbers in the kidneys, the suprarenals and in the pancreas. It is a matter of comment that less attention appears to have been directed to the distribution of the parasites in the gastro-intestinal system, and to the changes resulting from their presence in this situation.
In reviewing the literature dealing with this aspect of the pathology of the infection, it is noted that most of the observations appear to have been directed has been present, evidently coincident infections with Entameba histolytica. Jemma and Di Christina [2] note the constant occurrence of an enterocolitis in cases of infantile kala-azar, and the presence in the large intestine of circular ulcers with elevated edges. These latter observers have further found on microscopic examination that these lesions were associated with a small round-celled infiltration of the mucosa and muscular coat, together with dilatation of the lymphatic vessels and hypertrophy of the endothelium in which Leishmania parasites were sometimes present. Christophers also records the presence of Leishmania as intracellular parasites of endothelial cells lining the blood-vessels in the granulation tissue of ulcers in the large intestine, whilst Archibald [3] , writing on the pathology of the infection, states that in his experience of the visceral form of the disease the stomach and small intestine are not commonly affected, but that the large intestine may show congested and ulcerated areas in the greater part of its length.
In this brief review of the pathology of the disease as it affects the gastrointestinal system, it will be noted that no observations are recorded relative to changes in the small intestine. It is in connexion with certain microscopic appearances seen in this portion of the intestinal tract in two fatal cases of the Indian variety of the disease that this communication is made.
The material available for investigation, and on which the observations that follow are based, consisted of small portions of the jejunum, which, as far as macroscopic appearances are concerned, would not have been considered abnormal at post-mortem examination. On closer investigation, the mucosa could be seen to be slightly thickened, the other coats of the intestine being normal in appearance. No evident breach of surface or ulceration was apparent in the mucous coat of the portions of tissue examined. The microscopic investigation of sections made from various parts of these tissues demonstrated a very consistent and interesting pathological picture. The changes observed can be shortly summarized as follows -The histological appearance of the serous, muscular and submucous coats differed in no detail from that normally seen in the small intestine. The most striking change wa3 that evident in the mucous membrane owing to a very definite and remarkable alteration in the villi. These processes of mucous membrane had undergone a complete metamorphosis, and, instead of appearing as slender narrow fimbria as seen in the normal intestine, each villus was transformed into a swollen, distorted and polypoid body connected with the submucous tissue by a constricted stalk formed of a few fibres of connective tissue. The columnar epithelium covering the villi had disappeared and the basement membrane furnished a delicate limiting sheath for each little swelling. The internal structure of the villi was completely altered owing to an intense proliferation of the endothelial cells lining the lymph channels. This proliferation of endothelium, although marked in the base of the villi, became more pronounced towards the centre and extremities of these structures, and the enlargement and distortion was caused by these tightly packed accumulations of hypertrophied cells. In the greater number of villi the basement membrane was intact, but in many instances it had ruptured from over-distension and liberated the enclosed endothelial cells.
The distribution of Leishmania bodies in the intestine was very striking. They could be demonstrated in scanty numbers in the submucous coat; in that position they occurred in endothelial cells evidently derived from vascular endothelium. They were present in larger numbers, in the same intracellular situation, in the base of the villi. In the centre of the villi they had under-gone rapid multiplication, and they were present in enormous numbers in the endothelial cells distending the extremities of these structures. In many of the villi numbers of endothelial cells had broken down, and the parasites were lying free in the villus, mixed with the debris of necrotic cells. Reference to the figures illustrating the changes observed will enable the striking alteration in appearance of the villi to be appreciated. I have had the opportunity of examining spleen and liver sections from a large number of cases of visceral leishmaniasis, and have not in any case observed an infection of endothelial cells which would compare numerically with the great numbers of parasites present in these endothelial villous tumours.
A comparison of the cellular reaction observed in the small intestine in these cases of visceral infection with that evident in the subcutaneous tissues in cutaneous leishmaniasis illustrates the close analogy between the pathology of the two conditions.
In both infections the type of cell involved is the lymphatic and vascular endothelium, and any difference observed depends entirely on the localization of the parasites. In the visceral disease, at least as far as the above cases are concerned, the intestinal villi were heavily infected, and the resulting endothelial proliferation had formed a series of endothelial villous tumours. In the cutaneous form of the disease, an oriental sore at its inception is nothing more than a cutaneous endothelial tumour. The continued accumulation of endothelial cells, either in the villi or in the cutaneous tissues, eventually leads by mechanical pressure to a deficiency or obliteration of the blood supply and consequent atrophy and necrosis of these cells, which finally terminates in ulceration.
DISCUSSION ON THE POSSIBLE RELATION THESE OBSERVATIONS MAY HAVE
ON CERTAIN ASPECTS OF INDIAN KALA-AZAR.
(1) On the Clinical Course and Symptoms of the Disease. In any clinical description of the disease the progressive wasting and, finally, the extreme emaciation which occurs in the established infection is emphasized. Thus, in compiling a table illustrating the differential diagnosis between Indian kala-azar and chronic malaria, Knowles notes that in kala-azar emaciation is very marked and sometimes extreme, whilst in chronic malaria it is less noticeable. Further, the constant recurrence of symptoms referable to the intestinal tract, such as enteritis, are very commonly observed during the course of the disease.
That progressive and extreme emaciation should be a common feature in the clinical picture appears to me not to be surprising if the pathological changes in the small intestine described above can be shown to be usually present.
It is obvious that the profound alteration of the intestinal villi must almost arrest, or at least considerably reduce, the absorption of nutritive substance. The destruction of the epithelial covering of the villi, combined with the vascular and lymphatic stasis caused by the pressure of accumulated endothelial cells in their interior, must produce a complete perversion of their normal physiological function and render them useless for purposes of nutrition. In a similar manner it is possible that the recurrent attacks of diarrhlea, so typical during the disease, may find their explanation in this alteration in structure of the mucous lining of the bowel.
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(2) On Methods of Transmission of the Disease. In discussing the relationship which these observations on the distribution of Leishmania parasites in the tissues of the small intestine might be conjectured to have on the problem of transmission of the disease, I do not wish it to be assumed that I favour the theory of direct infection of the human subject by the alimentary route. The knowledge that the infecting parasite of kalaazar is a flagellate included in the genus Herpetomonas, and that the known species of this genus find their primary habitat in the intestinal tract of an insect host, is a very strong argument against the direct transmission of the organism through the agency of infected faecal material. Admittedly, however, there are only two possible routes by which the parasites can escape from the human tissues, i.e., either from the peripheral blood, through the agency of some blood-sucking ecto-parasite, or from the alimentary canal in the faces.
The researches undertaken with the view of the incrimination of an intermediate insect host are ably discussed by Patton L4], who is strongly in favour of this method of transmission of the disease. He cites numerous experiments illustrating the longevity and development of the parasites in the intestinal canal of bugs belonging to the genus Cimex, and quotes the developmental changes observed by Cornwall in preparations containing the flagellate stage of the parasite and portions of the mucous membrane of the stomach of Cimex rotundatus (Hemiptera) "as furnishing final proof that Cimex is the true intervertebrate host of Herpetomonas donovani."
The recent work of Mrs. Adie [5] in India on the development of flagellates in the cells of the mid-gut of Cimex hemiptera which had been fed on infected splenic pulp has been criticized by Wenyon [6] on the grounds that these observations had been made on bugs which had died after the infecting feed and had not been examined until after the lapse of some days. The further observation of Mrs. Adie on the presence and multiplication of the parasites in the salivary glands of Cirnex have not been accepted, the bodies observed being neither Leishmania nor a developmental phase of some other flagellate.
The possibility of the dissemination of infection by mosquitoes, sand-flies, lice and ticks has been closely investigated by many observers, but up to the present the investigation has yielded negative results.
The fact, however, that viable forms of the parasite can be shown by cultivation to occar in the peripheral blood, and that the incidence of the organisms in this situation is very much higher than was formerly believed, favours the view that infection is probably spread from this source by some insect host. Thus Patton states that it was the exception to fail in finding parasites in the peripheral blood of his cases in Madras, and Knowles [71 records the presence of Leishmania in blood films in 45 per cent. of the cases under his investigation in Shillong.
The present position regarding the problem of transmission of infection through the intermediary of an insect host can be summarized by the statement that no conclusive evidence is at the moment forthcoming which would incriminate any of the above agents.
The second possible method of elimination of the parasite from the human body being by the feces, the possibility of direct fecal transmission of the disease from infected cases to healthy human subjects has received some consideration and support. Knowles, in discussing this aspect of the problem, cites the case of a municipal sweeper in Nowgong whose only apparent contact with infection was in connexion with his conservancy duties. The same observer figures small oval cytoplasmic bodies found in the dysenteric mucus of several cases of kala-azar suffering from intestinal symptoms, but he could not reconcile their nature with any known form of the parasite. Mackie [8] also noted and recorded the presence in faecal mucus of small cytoplasmic bodies with a chromatin nuclear structure which he considered indistinguishable from Leishmania: and Minchin, to whom the preparations were submitted, expressed the opinion that they resembled Leishmania. To obtain a series of controls, Mackie examined the feeces of twenty-six healthy individuals living in the same area as the kala-azar cases in which the presence of these puzzling " bodies" was observed. In none of these individuals could he demonstrate structures of similar appearance. A limited number of feeding experiments with mucus containing these bodies was undertaken, dogs and monkeys being employed, but these experiments yielded negative results. Patton, on repeated examinations, has failed to find any bodies of the nature of Leishmania in the faeces, and concludes that if the parasites appear in the excreta they do not occur in their usual round or oval forms. Both Knowles and Patton have failed to obtain any evidence of development in cultures made from intestinal mucus. This latter fact is, however, of little importance owing to the impossibility of obtaining cultures uncontaminated with bacteria.
Feeding experiments with intestinal mucus from infected cases have failed to give positive results in a limited number of instances as noted above, but Archibald and others have recently been successful in infecting monkeys by feeding them on infected splenic pulp.
The possibility of dissemination of the parasites by a helminthic agency has been investigated, but has failed to help in the elucidation of the problem.
The above very limited survey of the painstaking research work carried out on the transmission of kala-azar has been given to emphasize the fact that the problem of the method of spread of this disease still awaits solution, and that any fresh observations relative to the pathology of the infection deserve consideration.
In an earlier part of this paper it has been recorded, in the description of the pathological appearances observed in the small intestine in two cases of the disease, that the localization of the parasites was mainly in the intestinal villi, and that there was evidence of intense multiplication in this situation leading to an enormous increase in their numbers in the extremities of these structures (fig. 2, p. 7) . The delicate nature of the sheath enclosing these little swollen processes of mucous membrane was mentioned, also the fact that in many of them this had ruptured and liberated the enclosed parasites and endothelial cells into the lumen of the intestine (fig. 3, p. 7) . It is possible, and indeed even probable, that in many instances this rupture of the villi had occurred in the preparation of the sections, but there is little doubt from the swollen and dilated appearance of the majority of these processes that overdistension of the limiting membrane was sufficient to cause rupture during life. It is evident, therefore, that myriads of Leishmania parasites must have been liberated into the intestinal contents during the course of the disease, and it is interesting to conjecture as to the possibility of their survival in the faeces.
The fact that the flagellate stage of the organism is incapable of living for any length of time in cultures which have been contaminated by bacteria is against the presumption of the continued viability of the parasite in fsecal material in this phase of its development. Is it possible that some hitherto undescribed encysted form is developed in the faeces ? The contaminative cycle of development of the various species of Herpetomonas of insects, to which attention has often been directed in this connexion, is a tempting analogy. Again, if the parasite in some resistant form can withstand the inimical nature of its surroundings in the feces, have the possibilities of its ingestion by some fecal-feeding insect been exhausted?
Further research alone can decide whether the insect-borne or alimentary theory will prove to be correct in defining the exact etiology of the disease, FIG. 1.1 but the fact tllat, in at least some cases of kala-azar, there occurs an intense elimination of parasites into the intestinal canal may stimulate renewed research into every possible method of dissemination of infection through the medium of infected fBeces. In this connexion the summing up of Knowles [7] on this aspect of the question may be quoted: " This possibility (i.e., fecal transmission) deserves, perhaps, more careful consideration than it has hitherto received. In Assam, at least, the distribution and incidence of kala-azar is 1 For the loan of the blocks illustrating this paper the author is indebted to the Editor of the Journal of the Royal Army Medical Corps.
at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from closely associated with insanitary surroundings and an absence of all conservancy methods."
In conclusion, I wish to emphasize the fact that I do not suggest that these findings are of usual, or even of frequent occurrence, in the small intestine in kala-azar. They appear to me, however, to be of sufficient interest and importance to bring forward in the hope that, attention having been directed to them, information may become available as to the extent to which they occur in fatal cases of this infection. Fia. 2. FIG. 3.
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A Description of Qastrodiscoides hominis from the Napu Mouse Deer. By M. KHALIL, M.D., Ph.D.
(From the Department of Helminthology, London School of Tropical Medicine.) WHILE acting as Honorary Parasitologist to the Zoological Society of London, I found a large number of living specimens of Gastrodiscoides hominis in the csecum of the Napu mouse deer (" Tragtlus napit ") that died in the Zoological Gardens. The animal belonged to the Prince of Wales' collection from the Malay States. In addition, the abundant material from man in the Helminthological Department of the London School of Tropical Medicine was available for comparison. Whole mounts and serial sections of specimens from both collections were examined and compared.
Synonyms: Amphistomnum hominis, Lewis and McConnell, 1876. Amphistomum (Gastrodisctus) hominis, Sonsino, 1895. Gastrodiscus (?) hominis, Fiscboeder, 1902 . Gastrodiscuts hominis, Stephens, 1906 . Gastrodiscoides hominis, Leiper, 1913 
